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FINAL REPORT

(through December 31, 1982)

The strategy of this investigation is to correlate closely any impairment
of pupillary function to parameters of cholinergic function in vitro and in
vivo, jollowing topical or systemic administration of antiChEs. The study
focuses, upon three aspects of cholinergic function: the synthesis and turnover
of ACh, the chollnergic receptor and the release of ACh(Fig.- la) .€ A schematic
diagram of the various steps involved in the analysis of multiple parameters of
acetylcholine metabolism in a single isolated iris is reported in Fig. lb.

The characteristics of the high and low affinity Ch uptake system which
have been previously described by-tsfor the developing and aging avian iris
(Marchi et al., Dev. Neurosci. 3, 185, 1980 and Brain Res. 195, 423, 1980) have
now been determined for the adulTt rat iris as well (Fig. 2).-

Uptake of Choline /

The uptake of choline by rat iris is linear over at least six concentra-
tions of choline ranging from 0.1 vM to 10 vM (linear regression coefficient =
0.99). The rat iris exhibits two distinct Ch uptake systems. One component
(Fig. 2), a Na+ dependent, temperature sensitive, high affinity system which
is blocked by ouabain and hemicholinium, is most likely confined to cholinergic
nerve terminals. A second component, probably localized in the iris muscle
cells, is Na+ independent and shows low affinity. The substitution of .80% Na
with lithium decreased uptake by 55%.

The kinetic curves show a low affinity and high affinity uptake system
with a Kml = 100 uM and Km2 + 6.67 pM, respectively (Fig. 2).

The effect of various drugs on choline uptake is reported in Figure 3 as a
% control. Choline uptake, as expected, could be inhibited by ouabain which is
consistent with Na+ dependent uptake, and by hemicholinium. However, the
iris preparation seems to be less sensitive to hemicholinium than brain prepar-
ations as a 100 pM concentration was necessary in order to produce a 35%
inhibition of uptake. Of particular interest is the effect of DFP which at
1 mM concentration inhibits choline uptake by approximately 30% (Fig. 3).
Scopolamine (1 mM) showed a 25% inhibition effect. This effect at higher
concentrations may relate to its effect on release as seen in the following
experiments.

Release of Acetylcholine

Acetylcholine was released from iris preloaded by incubation with 1 1.JM3H-Ch by 20 mA, 5 ms, 100 Hz bipolar nearly square waves (Fig. 4). The
release is reported in Figure 5 as a percent of the total tissue radioactivity
due to ACh at each individual time. Four to six subsequential stimulations
were performed starting after spontaneous release had levelled off. Released
tritiated ACh and Ch were separated and counted at each point. The evoked
release ratio (ERR) was calculated from the areas under the curve (Fig. 5)
representing released radioactivity and compared with corresponding non-stimu-
lated controls. Electrical stimulation evokes I- to 2-fold increase in the
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release of 3H-ACh over the spontaneous release during prestimulation base-
line. The stimulated release is frequency dependent, tetrodotoxin sensitive
and Ca++ dependent.

Scopolamine 10 nM increased evoked ACh release by at least 2-fold while
1 uM scopolamine increased spontaneous release only. These effects support the
hypothesis of the presence in the iris terminals of a presynaptic muscarinic
autoreceptor which controls release (Fig. 5).

DFP (1 uM) reduced both the spontaneous and the evoked release by 30%
(Fig. 5). The effect was stronger following the first stimulations. This
concentration of DFP inhibits AChE by approximately 80% and corresponds to the
concentration used in the following in vivo experiments. This increase was
blocked by scopolamine.

Acute Effects of DFP on the Iris

In this series of experiments the acute effects (up to 120 min) of DFP
(5 mM) on the pupil were studied (Fig. 6).

5 Ul of a .1% solution of DFP (corresponding to 5 pg of a 5 mM concentra-
tion) was instilled in the conjunctival sac of rats and its effect on the pupil
area or diameter was recorded.

1. AChE activity was inhibited by 65% at 1 min and 95% at the following
times up to 1 hr). At 2 hrs the AChE activity was still inhibited
by 75%.

2. Pupil size was unchanged at 1 min but decreased by more than 50% at
successive times up to 2 hrs.

3. ACh levels were unchanged at 1 min, were increased by 40% at 5 min
and by 50 min and were still increased by 30% at 120 min.

4. Choline levels were decreased at 5 min, showing a tendency toward a
slight increase after 5 min with an increase of 25% at 120 min. In
part, this reflects the low rate of hydrolysis of ACh in the presence
of DFP. It is interesting to note that the pupil was still constric-
ted at a time (120 min) when ACh had almost returned to baseline
values. This may be due to a prolonged effect of ACh maintaining
constantly high levels at the postsynaptic site.

In conclusion, it can be said that our results are consistent with the
concept of existence of presynaptic muscarinic autoreceptors that control
release of ACh from the cholinergic nerve terminals in the rat iris. With
regard to the mechanism of action of DFP on the iris, we propose that the drug
may exert multiple effects (see Fig. 7), such as:

a. inhibition of AChE with following increase in ACh levels both intra-

and extrasynaptically,

b. inhibition of Ch uptake, and

c. reduction of both spontaneous and stimulated release.

Points b and c need further examination.
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6th Annual Meeting of Midwest Neurobiologists, March 25-27, 1983
Monticello,. Illinois

4EFFECT OF DFP ON ACETYLCHOLINE METABOLISM IN THE RAT IRIS.
Mattio, T.G., Giacobini, E. and J.S. Richardson. Dept. Pharm.,
Southern Ill. Univ. School of Medicine, Springfield, IL 62708

The iris contains cholinergic nerve endings whose cell bodies
are located in the ciliary ganglion. This makes this structure
a good model of nerve terminal function free from contamination
by cell body and glia effects. Following the characterization
of the uptake system for choline (Ch) and the release of acetyl-
choline (ACh) in the isolated rat iris we have studied, the
effect of the increase in ACh concentration following local
administration of the irreversible cholinesterase inhibitor
diisopropyl fluorophosphate (DFP). At various times after the
topical administration of 0.1% DFP in sesame oil onto the
corneal surface, the rats were sacrificed and the irises were
removed. Pupil diameter was measured, ACh as well as Ch levels
were determined and acetylcholinesterase (AChE) activity
measured in segments of the same iris. One minute after DFP, no
changes were found in pupil diameter and ACh levels, but AChE
activity was decreased by 65%. At 5 minutes, pupil diameter was
reduced by 60% (and remained at this level for the duration of
the experiment), Ch by 30%, AChE by 92%, and ACh was increased
by 38%. At 15 minutes ACh was increased by 28%, and Ch was
still reduced (10%) but continued to recover reaching control
levels at 60 minutes. Acetylcholine levels were still increased
at 60 and 120 minutes. AChE activity was still inhibited 86%
and 74% at 60 and 120 minutes, respectively. Our results show

*that in peripheral cholinergic terminals, in spite of the con-
tinual inhibition of AChE activity and the functional pupillary
paralysis following a single exposure to antiChE agents, ACh and
Ch tend to return toward normal levels. (Supported by GRANT
AFOSR-81-0229 to E.G.)
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9th Intl. Soc. Neurochem., July 1983
-Vancouver, Canada

EFFECT OF DFP ON ACETYLCHOLINE METABOLISM IN THE RAT IRIS.
Mattio. T.G.*. Giacobini, E. and J.S. Richardson*. Dept.
Pharm., Southern ill. Univ. School of Medicine,

.G. Mattio Springfield, IL 62708
)epartment of Pharmacology The iris contains cholinergic nerve endings whose cell
)outhern Illinois University bodies are located in the ciliary ganglion. This makes
4 hool of Medicine this structure a good model of nerve terminal function
-pringfield, IL 62708 free from contamination by cell body and glia effects.

Following the characterization of the uptake system for
choline (Ch) and the release of acetylcholine (ACh) in the
isolated rat iris we have studied, the effect of the
increase in ACh concentration following local administra-
tion of the irreversible cholinesterase inhibitor dilso-
propyl fluorophosphate (DFP). At various times after the
topical administration of 0.1% DFP in sesame oil onto the
corneal surface, the rats were sacrificed and the irises
were removed. Pupil diameter was measured, ACh as well as
Ch levels were determined and acetylcholinesterase (ACHE)
activity measured in segments of the same iris. One

X minute after DFP, no changes were found in pupil diameter
and ACh levels, but AChE activity was decreased by 65%.
At 5 minutes, pupil diameter was reduced by 60% (and
remained at this level for the duration of the experi-
ment), Ch by 30%, AChE by 92%, and ACh was increased by
38%. At 15 minutes ACh was increased by 2B%, and Ch was
still reduced (10%) but continued to recover reaching
control levels at 60 minutes. Acetylcholine levels were
still increased at 60 and 120 minutes. AChE activity was
still inhibited 86% and 74% at 60 and 120 minutes, respec-
tively. Our results show that in peripheral cholinergic
terminals, in spite of the continual inhibition of AChE
activity and the functional pupillary paralysis following

4% a single exposure to antiChE agents, ACh and Ch tend to
return toward normal levels. (Supported by GRANT
AFOSR-81-0229 to E.G.)
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Figure 1

CHOLINE

a) _

LOW AFF. HIGH AFF.

TRANSPORT TRANSPORT

CHOLINE

/1Z CHOLINERGIC TERMINAL
PHOSPHOLIPIDS

ACh =acetylcholine. PhCh phosphorykcholine, Ch- choline

b)UPTAKE OF

IH 3H Ch

SYNTHESIS

A

I ACh

[3141 Ch Ch °
RELEASED" PhCh

IRIS PREPARATION

a) Schematic diagram showing various steps involved in the regulation of acetylcholine

synthesis in a cholinergic terminal.
b) Scheme of analysis of multiple parameters of acetylcholine metabolism in three

segments (A, B, and C) of a single isolated iris.
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Figure 2

KINETIC CURVES FOR Ch UPTAKE IN THE RAT IRIS

r.10 Km 100
cD Vmax = 100
9-

U,)

3-
'9 .. 05 .10

7E5
-

K m - 6.67jiM
Vmox 16.7

-I I I I

2 4 6 8 10

Choline PM

I 11



00

-C

0--

a 0

0
0

LUL

C,)

L0''

UI-
C D;

LLF-

C4 C

LUj~o: %)

alod lalo :



LUJ

-

It)

C,

(N

U-

0 U.0
-I-

LU

LLO

00

CN W

(OLsob eLoe nouUoS

0101 IDO,



GIACOBINI, Ezio

Figure 5 472-50-2140

EFFECT OF VARIOUS DRUGS ON THE RELEASE OF
3H-ACh FOLLOWING PRELOADING WITH 1 uM 3H-Lh (;O mA, 5 Ms, 100 Hz)
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Figure 6
CHANGES IN AChE ACTIVITY, PUPIL DIAMETER, ACh AND Ch LEVELS

o IN RATS INSTILLED WITH DFP (5 mM) IN THE CONJUNCTIVAL SAC
NAChE Act. PUPIL DIAM.
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Figure 7

MULTIPLE EFFECTS OF DFP ON CHOLINERGIC SYNAPSES
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